Although intermittent ECG sampling is a commonly used method for arrhythmia detection there are no controlled studies of its efficiency. In the present study a continuous ECG was recorded for three hours in 52 patients with ventricular tachyarrhythmias. All ECGs were interpreted minute to minute to get the true arrhythmia content. Intermittent ECG samples were simulated by analyzing the first, first two CCU with a proven or suspected AMI. Pertinent clinical data are presented in table 1. As part of another study7 all patients received lidocaine either as an intravenous bolus injection of 75 mg followed by a constant infusion of 2 mg/min or as an intramuscular injection of 300 mg into the vastus lateralis muscle. Except for this antiarrhythmic therapy the patients were managed according to routine procedure in the CCU.8 A multichannel ink writing ECG recorder with a paper speed of 10 mm/sec (Mingograf 81, Elema-Schbnander AB, Sweden) was started as soon as the patient received lidocaine and was continued for three hours thereafter. This electrocardiographic paper record was used for the subsequent arrhythmia analysis and all data concerning the occurrence of ventricular ectopic activity referred to this continuous ECG. This method of arrhythmia detection has been previously described by Mogensen.9 The continuous ECG was analyzed on a minute to minute basis and each 1-min interval was analyzed separately to determine the presence or absence of ventricular arrhythmias. When ventricular premature contractions (VPC) were present they were classified into the following groups: 1-5 VPCs/min; > 5 VPCs/min; R on T VPC; multifocal VPCs; paired VPCs; and ventricular tachycardia (VT) defined as three or more VPCs in sequence at a rate of > 100/min. To illustrate the effect of intermittent ECG sampling, the continuous ECG record from each patient was divided into consecutive 15-min and 30-min periods. To be included in the analysis the ECG of a 15-min period had to be interpretable for at least ten of the fifteen 1-min intervals including the first five 1-min intervals of the period. If these criteria were not fulfilled that particular 15-min period was discarded. The same criteria were applied in analyzing the 30-min periods except that the number of interpretable 1-min intervals had to be more than twenty.
W ITH THE INTRODUCTION of coronary care units (CCU) there has been an increasing interest in ventricular arrhythmias complicating acute myocardial infarction (AMI). Early detection and treatment of potentially dangerous ventricular ectopic activity can markedly decrease hospital mortality in AMI.`The increased possibilities of detecting ventricular ectopic activity with improved monitoring facilities have also increased the interest in arrhythmias complicating other types of cardiac diseases. Intermittent ECG sampling is one of several methods used for arrhythmia detection when evaluating the efficiency of antiarrhythmic drugs.4 6 There does not, however, seem to be any critical analysis of the accuracy of this method. This CCU with a proven or suspected AMI. Pertinent clinical data are presented in table 1 . As part of another study7 all patients received lidocaine either as an intravenous bolus injection of 75 mg followed by a constant infusion of 2 mg/min or as an intramuscular injection of 300 mg into the vastus lateralis muscle. Except for this antiarrhythmic therapy the patients were managed according to routine procedure in the CCU.8 A multichannel ink writing ECG recorder with a paper speed of 10 mm/sec (Mingograf 81, Elema-Schbnander AB, Sweden) was started as soon as the patient received lidocaine and was continued for three hours thereafter. This electrocardiographic paper record was used for the subsequent arrhythmia analysis and all data concerning the occurrence of ventricular ectopic activity referred to this continuous ECG. This method of arrhythmia detection has been previously described by Mogensen.9 The continuous ECG was analyzed on a minute to minute basis and each 1-min interval was analyzed separately to determine the presence or absence of ventricular arrhythmias. When ventricular premature contractions (VPC) were present they were classified into the following groups: 1-5 VPCs/min; > 5 VPCs/min; R on T VPC; multifocal VPCs; paired VPCs; and ventricular tachycardia (VT) defined as three or more VPCs in sequence at a rate of > 100/min. To illustrate the effect of intermittent ECG sampling, the continuous ECG record from each patient was divided into consecutive 15-min and 30-min periods. To be included in the analysis the ECG of a 15-min period had to be interpretable for at least ten of the fifteen 1-min intervals including the first five 1-min intervals of the period. If these criteria were not fulfilled that particular 15-min period was discarded. The same criteria were applied in analyzing the 30-min periods except that the number of interpretable 1-min intervals had to be more than twenty.
Intermittent ECG samples were simulated by selectively Circulation, Volume 52. October 1975 To demonstrate that the data obtained from the patient material also holds true in general two statistical models were tested. The distribution of arrhythmia containing 1-min intervals may vary between two extremes, either as a random distribution exemplified in figure 1 panel B 1 or as a periodic distribution (panel B 2). Periodic distributions means that all 1-min intervals containing arrhythmias always have to be located next to each other. A computer was used to calculate the detection rate for a varying content of arrhythmias at these two extremes of distribution. Consequently the computer was programmed to distribute arrhythmia containing 1-min intervals randomly and periodically within the 15-min periods. This distribution was made for an increasing number of arrhythmia containing 1-min intervals ranging from one to fifteen within the 15-min period.
Again using figure 1 as an example, panel B 1 shows a random distribution with three 1-min intervals containing arrhythmias. Panel B 2 shows an example of a periodic distribution of three 1-min intervals which may be located at any place within the 15-min period. The computer then simulated 1, 2 and 5 min long ECG samples. The results were plotted to illustrate the detection rate at an increasing number of arrhythmia containing 1-min intervals from one to fifteen. The broken line in figures 4, 5 and 6 represent this relationship for the periodic distribution and the solid line represents the same for the random distribution.
The second statistical model was designed to evaluate the probability of detecting arrhythmias of a low and a high frequency respectively over a long period of time. For each consecutive 1-min interval within the 15-min period a random nurnber which was allowed to vary from 0 to 1 was drawn. If this number happened to be < 0.3 that particular 1-min interval was considered to be arrhythmia containing, thus constituting 15-min periods with a high frequency of arrhythmias. The same was performed for random numbers < 0.03 to constitute 15-min periods with a low frequency of arrhythmias. It was then noted if there were any arrhythmias in the first, first two or first five 1-min intervals. This was repeated for one million 15-min periods. All calculations were done in Fortran IV on a PDP 8 E computer with a floating point processor.
Results
The absolute incidence of arrhythmias was determined by a minute to minute evaluation of the continuous paper recording. According to the protocol for the comparative lidocaine study7 five of the original 52 patients were excluded during the period of observation leaving 592 accepted 15-min periods, that is, 8880 1-min intervals. One hundred and sixty-three 1-min intervals were not interpretable for technical reasons (1.9%). Thirty-two of the 15-min periods were excluded, 23 known from the continuous paper recordings. During the initial 15-min periods there was a decreasing content of all VPCs and especially > 5 VPCs/min ( fig. 2  C) . This fact would improve the accuracy of detecting arrhythmias by the intermittent sampling techniques since the samples were always taken at the beginning of the 15-min periods where the arrhythmia content was highest. As the patients were suffering from acute coronary insufficiency (table 1) and, moreover, treated with lidocaine the arrhythmia incidence varied. To illustrate the applicability of the method to the different types of arrhythmia distributions and frequencies a computer was programmed to test the detection rate when the arrhythmia prevalence varied from low to high, and when the distribution was varied from periodic to random. The sampling time was 1, 2 or 5 min (figs. 4, 5 and 6) .
The arrhythmia detection rate in the patient material is consistent with that of the computer based material and is well situated within the theoretical margins provided by the detection rate for random distribution (solid line) and for periodic distribution (broken line). This suggests that the results of the described sampling technique are generic and applicable to the patient material.
The results obtained in this study illustrate the importance that the length of the ECG sample, the distribution of the arrhythmias and the rate of arrhythmia occurrence have on the detection rate of arrhythmias by intermittent sampling.
Considering the length of the ECG samples it was found that the collection had to approach one-third of the total time (5-min long ECG samples) to produce a representative discovery of arrhythmia containing periods ( fig. 6 and table 3 ). This holds true only for a high arrhythmia prevalence. For patients with a low arrhythmia frequency a long ECG sample will still be insufficient to adequately detect the true arrhythmia occurrence. Subgroups such as R on T VPC and VT which are considered important predictors of ventricular fibrillation9' 1517 will be very poorly detected.
The arrhythmia distribution in the patient material tended to be of the periodic type which is best illustrated in figure 6 . This means that if a specific 1-min interval contains arrhythmias the probability is high for the next interval to be arrhythmia containing as well.
This study demonstrates that if the arrhythmia occurrence is high from the beginning and has a periodic distribution it can be reduced considerably without being detected by the use of intermittent ECG samples ( fig. 6 ). On the other hand, if the arrhythmia occurrence is low from the beginning the decrease in detection rate is proportionally higher than the decrease in arrhythmia containing 1-min intervals. Thus in such a case the reduction of arrhythmias will be overestimated as shown by looking at the left part of the periodic curve in figure 6. This is, however, not the case if 1-min long ECG samples are used (fig. 4) .
The detection rate is to a large extent dependent on the actual arrhythmia content. This explains the poor discovery of relatively infrequent arrhythmias such as paired VPCs, multifocal VPCs, R on T VPC, and VT by the means of intermittent ECG sampling.
When making a final evaluation of the accuracy of intermittent ECG sampling the various factors of importance in the detection rate must be considered together. This is because the relative influence of each factor may vary with the actual condition. The arrhythmia content tends to be more and more underestimated the shorter the ECG samples are and the lower the true arrhythmia content is. Therefore intermittent ECG sampling must be considered an unsuitable method for evaluating the effect of antiarrhythmic drugs. The detection rate would only be adequate in patients with stable arrhythmias. As soon as the arrhythmia frequency changes so does the detection rate. The present results should be considered when investigating the accuracy of other types of intermittent ECG sampling.
Although very time-consuming, continuous ECG interpretation must remain the base against which a more practical automated arrhythmia detection system should be tested.
